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Resumo:(VWHWUDEDOKRDSUHVHQWDXPHVWXGRVREUHRHUURGHDSOLFDomRGHDJURWy[LFRVHPFXOWXUDVDJUtFRODVFRPR
XPDIXQomRGRHTXLSDPHQWRGHDSOLFDomRXWLOL]DGR(UURVGHDSOLFDomRSRGHPRFRUUHUHPYLUWXGHGDVFRQGLo}HV
GHXVRGRVVLVWHPDVGHDSOLFDomRRTXH LQFOXLDRSHUDomRGRYHtFXORXWLOL]DGRSDUDVHX WUDQVSRUWHEHPFRPR
R WUDoDGR GR FDPLQKR SHUFRUULGR SHOR SXOYHUL]DGRU1HVWH HVWXGR p IHLWD XPD DYDOLDomR GR HUUR GH DSOLFDomR
WRPDQGRFRPREDVHDFLQHPiWLFDGHHVWHUoDPHQWRQDFRQGXomRGR WUDWRUHFRQVHTXHQWHPHQWHGRSXOYHUL]DGRU
DFRSODGR1HVWHFRQWH[WRpDSUHVHQWDGRXPPRGHORFLQHPiWLFRGRFRQMXQWRWUDWRUSXOYHUL]DGRUFRQVLGHUDQGRRV
kQJXORVGHHVWHUoDPHQWR%DVHDGRQHVVHPRGHORFLQHPiWLFRVmRDSUHVHQWDGRVUHVXOWDGRVGHVLPXODo}HVSDUDRHUUR
GDDSOLFDomRTXHRFRUUHHPIXQomRGHWUDMHWyULDVFXUYLOtQHDVUHDOL]DGDVSHORPDTXLQiULRHPIXQomRGRkQJXORGH
HVWHUoDPHQWR
Palavras-chave: modelo FLQHPiWLFRHVWHUoDPHQWRSXOYHUL]DomRHUURGHDSOLFDomRWD[DYDULDGD
MODELING THE ERROR FOR THE APLICATION RATE OF PESTICIDES BY USING THE SPRAYER 
STEERING ANGLE 
Abstract: 7KLVSDSHUSUHVHQWVDVWXG\RQWKHHUURURISHVWLFLGHVDSSOLFDWLRQUDWHLQDJULFXOWXUDOFURSVDVDIXQFWLRQ
RIWKHDSSOLFDWLRQHTXLSPHQWXVHG$SSOLFDWLRQHUURUVFDQRFFXUEHFDXVHRIWKHFRQGLWLRQVRIXVHRIWKHHTXLSPHQW
ZKLFKLQFOXGHVWKHRSHUDWLRQRIWKHYHKLFOHXVHGIRUWUDQVSRUWDWLRQDVZHOODVWKHSDWKRIWKHVSUD\HU,QWKLVVWXG\
DQHYDOXDWLRQRIDSSOLFDWLRQHUURUVEDVHGRQ WKHNLQHPDWLFVRIVWHHULQJ LQGULYLQJWKH WUDFWRUDQGFRQVHTXHQWO\
WKHVSUD\HUFRXSOHGWKHUHWRLVFRQGXFWHG,QWKLVFRQWH[WDNLQHPDWLFPRGHORIWKHWUDFWRUVSUD\HUFRQVLGHULQJWKH
DQJOHVRIVWHHULQJLVSUHVHQWHG7KXVEDVHGRQWKLVNLQHPDWLFPRGHOVLPXODWLRQUHVXOWVIRUWKHDSSOLFDWLRQHUURU
WKDWRFFXUVDVDIXQFWLRQRIWKHFXUYLOLQHDUWUDMHFWRULHVSHUIRUPHGE\PDFKLQHU\GHSHQGLQJRQWKHVWHHULQJDQJOH
DUHSUHVHQWHG
Keywords: NLQHPDWLFPRGHOVWHHULQJSHVWLFLGHVVSUD\LQJSHVWLFLGHVGULIWYDULDEOHUDWH
1. Introdução
3DUDDDSOLFDomRGHDJURWy[LFRVRVSXOYHUL]DGRUHVVmRH[WHQVLYDPHQWHXWLOL]DGRVSRGHQGRVHUHQFRQWUD-
GRVHPYHUV}HVPDLVVLPSOHVFRPRpRFDVRGRVSXOYHUL]DGRUHVPDQXDLVFRVWDLVDVVLPFRPRSXOYHUL]DGRUHVGH
EDUUDDXWRSURSHOLGRVHRVYHtFXORVWHUUHVWUHVHDpUHRVGHVHQYROYLGRVHVSHFL¿FDPHQWHSDUDDSXOYHUL]DomR&589,-
1(/0LOOHUH6WHZDUGHPVLPXODUDPPRGHORVGHHVWHUoDPHQWRSDUDSXOYHUL]DGRUHVDXWRSURSHOLGRV
FRPDWXDomRLQGLYLGXDOHPFDGDURGDGRYHtFXORHREWLYHUDPFRQ¿JXUDo}HVGHHVWHUoDPHQWRGDVURGDVTXHSXGH-
UDPUHGX]LUHUURVGHDSOLFDomRHPWUDMHWyULDVFXUYLOtQHDV0,//(5	67(:$5'
3RUXPODGRRVSXOYHUL]DGRUHVDXWRSURSHOLGRVDSUHVHQWDPJUDQGHÀH[LELOLGDGHPDVSRURXWURODGRVHX
FXVWRpHOHYDGRFRPSDUDGRDRVSXOYHUL]DGRUHVWUDWRUL]DGRVFRPRRVGHEDUUDDFRSODGRVHEDUUDFDUUHWDRQGHGH
PRGRJHUDOVRPHQWHDVURGDVGLDQWHLUDVGRWUDWRUSDUWLFLSDPGRPRYLPHQWRGHHVWHUoDPHQWR
2VVLVWHPDVGRWLSRGHEDUUDDFRSODGRVVmR¿[DGRVGLUHWDPHQWHQDSDUWHWUDVHLUDGRWUDWRUWUDQVIHULQGRGH
IRUPDGLUHWDRVHXPRYLPHQWRSDUDDEDUUDGHSXOYHUL]DomR1HVWHFDVRRFRPSRUWDPHQWRFLQHPiWLFRGRFRQMXQWR
pVLPLODUDRDXWRSURSHOLGRHXPDHVWLPDomRGRHUURGHDSOLFDomRIRLSURSRVWDSRU/XFNHFRODERUDGRUHVHP
/8&.et al.2VSXOYHUL]DGRUHVGRWLSREDUUDFDUUHWDSRVVXHPRVLVWHPDGHSXOYHUL]DomRPRQWDGRHPXP
YHtFXORVHSDUDGRFDUUHWDHVmRWUDFLRQDGRVDWUDYpVGHXPDFRSODPHQWRSRUEDUUDGHWUDomRRXHQJDWHGHSRQWRV
siagro-2014.indb   53 16/12/14   18:27
E.A.G. Peñaloza, H.V. Mercaldi, K.R. Felizardo, V.A. Oliveira, P.E. Cruvinel54
1HVWHWUDEDOKRVmRDSUHVHQWDGRVDPRGHODJHPHRVUHVXOWDGRVGHFRUUHQWHVGRXVRGDFLQHPiWLFDGHHVWHU-
oDPHQWRHVHXVHIHLWRVQDSXOYHUL]DomRGHDJURWy[LFRVWRPDQGRSRUEDVHPRGHORVGHVLPXODomRSDUDDFLQHPiWLFD
GRFRQMXQWRWUDWRUSXOYHUL]DGRU
2. Materiais e Métodos
3DUDRHVWXGRGRFRQMXQWR WUDWRUSXOYHUL]DGRUIRUDPVHOHFLRQDGRVHTXLSDPHQWRVFRPHUFLDLVXPWUDWRU
-RKQ'HHUHPRGHOR-HXPSXOYHUL]DGRUWUDWRUL]DGRWLSREDUUDFDUUHWD-DFWRPRGHOR$GYDQFH$0
1HVWHWLSRGHFRQ¿JXUDomR)LJXUDDVPDQREUDVVmRUHDOL]DGDVDWUDYpVGRHVWHUoDPHQWRGDVURGDVGLDQWHLUDVGR
WUDWRU(PSXOYHUL]DGRUHVGHEDUUDDYD]mRHPFDGDSRQWDpGDGDSRU
  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p
pDYD]mRQDSRQWD>l/min@V
p
pDYHORFLGDGHGDSRQWD>km/h@EpRHVSDoDPHQWRHQWUHDVSRQWDV>cm] e D 
pDWD[DGHDSOLFDomR>l/ha@GRDJURTXtPLFR
&RQVLGHUDQGRRVVLVWHPDVGHSXOYHUL]DomRFRQYHQFLRQDLVQRVTXDLVDYD]mRGRDJURTXtPLFRDVHUDSOLFD-
GRVHGLVWULEXLLJXDOPHQWHHQWUHDVSRQWDVpFRPXPHQFRQWUDUFRQWURODGRUHVGHSXOYHUL]DomRTXHDSUHVHQWHPHUURV
GHDSOLFDomRLQIHULRUHVD1HVWHWUDEDOKRpFRQVLGHUDGRRHUURUHODWLYRjDSOLFDomRHPSHUFXUVRVFXUYLOtQHRV
7DPEpPQRkPELWRGHVWHGHVHQYROYLPHQWRQmRIRUDPFRQVLGHUDGDVRXWUDVIRQWHVGHHUURGHDSOLFDomR
FRPRpRFDVRGRGHVJDVWHGDVSRQWDVDIDOWDGHFDOLEUDomRGRSXOYHUL]DGRURHUURGHSUHVFULomRHUURVGRFRQWUR-
ODGRUGHSXOYHUL]DomRDPiIRUPDomRGDVJRWDVEHPFRPRVXDDEVRUomRSHODSODQWDHRHIHLWRGDGHULYD
2HUURGHDSOLFDomRQHVWHFDVRpGDGRHPIXQomRGDGLIHUHQoDGHYHORFLGDGHHQWUHDVSRQWDVLQWHUQDVH
H[WHUQDVUHODWLYDVDRUDLRGHFXUYDQRFHQWURGRYHtFXORSXOYHUL]DGRURQGHpPHGLGDDYHORFLGDGHSDUDFiOFXORGD
YD]mRGHDSOLFDomRFRQIRUPHLOXVWUDDHTXDomR$YHORFLGDGHGHFDGDSRQWDHPIXQomRGDYHORFLGDGHDQJXODU
pode ser dada por V
p
 w
Rp
HPTXHWpDYHORFLGDGHDQJXODUGRSXOYHUL]DGRU>rad/s] e R
p
pDSRVLomRGDSRQWDFRP
UHODomRDRFHQWURGRUDLRGDFXUYDRGDGRHPPHWURV
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2.1 Cinemáticas de esterçamento
3DUDDYDOLDURHUURGHDSOLFDomRpSURSRVWDXPDWUDMHWyULDFXUYLOtQHDGRWLSRHVSLUDO)LJXUDDRQGHFDGD
SRQWRpHVSDoDGRGRDQWHULRUSRUPHWURV)LJXUDE2PRGHORGHVHQYROYLGRQHVWHWUDEDOKRpEDVHDGRQDJHR-
PHWULDGH$NHUPDQLVWRpVmRFRQVLGHUDGDVYHORFLGDGHVVX¿FLHQWHPHQWHEDL[DVSDUDTXHQmRRFRUUDGHVOL]DPHQWR
QDVURGDV-$=$5
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)LJXUDD3HUFXUVRSURMHWDGRSDUDDYDOLDURGHVHPSHQKRGRFRQMXQWRWUDWRUSXOYHUL]DGRUHPWUDMHWyULDV
FXUYLOtQHDVE'HWDOKHGRHVSDoDPHQWRHQWUHRVSRQWRV
3DUDREWHUDVYHORFLGDGHVGHFDGDSRQWDGHSXOYHUL]DomRIRLXVDGRRPRGHORFLQHPiWLFRGRFRQMXQWRWUDWRU
SXOYHUL]DGRU6HMDPRVYHWRUHVU >[\@TH6 >[
p
\
p
]THDVSRVLo}HVGRWUDWRUHSXOYHUL]DGRUUHVSHFWLYDPHQWH2
vetor GH¿QLGRQD)LJXUDDSRGHVHUGHVFULWRSHODGLIHUHQoDs r - zDVVLPREWpPVHDSRVLomRGRSXOYHUL]DGRU
HPIXQomRGDSRVLomRGRWUDWRUHDYHORFLGDGHGRSXOYHUL]DGRUHPIXQomRGDYHORFLGDGHGRWUDWRU
  
HPTXHL pRFXPSULPHQWRGRSXOYHUL]DGRU&RPRPRGHORFLQHPiWLFRGRSXOYHUL]DGRU(TXDomR
SRGHVHFDOFXODUDYHORFLGDGHGRSXOYHUL]DGRUHDVYHORFLGDGHVGHFDGDSRQWDHPIXQomRGD
FLQHPiWLFDGRWUDWRU
2.1.1. Modelo para o esterçamento
2kQJXORTXHIRUQHFHDGLUHomRGRWUDWRUSRGHVHUDSUR[LPDGRSRUXPYDORUPpGLRXVDQGRXPPRGHOR
FLQHPiWLFRGHXPDELFLFOHWD2PRGHORFLQHPiWLFROHYDHPFRQWDRFHQWURGHURWDomRHRFHQWURGHPDVVDGRWUDWRU
DVVLPFRPRDVGLPHQV}HVHDVGLVWkQFLDVGRSRQWRGHDFRSODPHQWRFRPUHVSHLWRDRWUDWRUHDRSXOYHUL]DGRU3DUD
REWHUDWD[DTXHpDSOLFDGDSRUFDGDELFRVmRXVDGDVDVHTXDo}HVTXHGH¿QHPDSRVLomRHRULHQWDomRGRWUDWRUHGR
SXOYHUL]DGRU(TXDomRDVVLPFRPRRPRGHORTXHUHSUHVHQWDDUD]mRGHÀX[RGRKHUELFLGDHiJXD(TXDomR
2/,9,et al.
$WUDYpVGRUDLRGHFXUYDGRFRQMXQWRWUDWRUSXOYHUL]DGRUSRGHVHFDOFXODURkQJXORPpGLRGHHVWHUoDPHQ-
WRGDVURGDVLQWHUQDHH[WHUQDGRWUDWRUSDUDDYDOLDURHUURGHDSOLFDomRHPIXQomRGRkQJXORGHHVWHUoDPHQWRGDV
URGDV2PRGHORSDUDRkQJXORPpGLRGHHVWHUoDPHQWRGDVURGDVGRWUDWRUpGDGRSRU
  
HPTXHRtpRUDGLRGHFXUYDWXUDGRWUDWRUa
1
 e a
2
VmRFRQVWDQWHVTXHGHWHUPLQDPDGLVWkQFLDHQWUHRFHQWURGH
PDVVDHRHL[RGDVURGDVGLDQWHLUDVHWUDVHLUDVUHVSHFWLYDPHQWH
2.1.2. Validação do modelo cinemático
3DUDYDOLGDURPRGHORFLQHPiWLFRpXVDGDDGLVWkQFLDHQWUHRVYHWRUHVGHSRVLomRGRFRQMXQWRWUDWRUSXOYH-
UL]DGRU6HMDb DGLVWkQFLD(XFOLGLDQDHQWUHRVYHWRUHVUHV&DOFXODQGRbSDUDWRGRVRVYDORUHVGHSRVLomRGRWUDWRU
HSXOYHUL]DGRUSDUDFHUWDYHORFLGDGHGHYHVHHQFRQWUDUFRPRUHVXOWDGRXPYDORUFRQVWDQWHLJXDOjPDJQLWXGHGR
vetor |Z_ L(VWHUHVXOWDGRpFRQVLVWHQWHFRPDGLIHUHQoDz r - sTXHIRLRSRQWRGHSDUWLGDGDPRGHODJHPGD
FLQHPiWLFDGRFRQMXQWRWUDWRUSXOYHUL]DGRU
3. Resultados e Discussão
2PRGHORFLQHPiWLFRGRFRQMXQWR WUDWRUSXOYHUL]DGRUIRLVLPXODGRXWLOL]DQGRDSODWDIRUPD0DW/DE฀ e 
6LPXOLQN฀FRPRVSDUkPHWURVItVLFRVGRFRQMXQWRGRVVHXVUHVSHFWLYRVPDQXDLV
1D)LJXUDpDSUHVHQWDGRRJUi¿FRGRHUURGHDSOLFDomRHPIXQomRGRUDLRGHFXUYDSDUDSRQWDVQDVSR-
VLo}HVPHPRYDORUGHUHIHUrQFLDSRVLomRPFRPUHODomRDRFHQWURGRSXOYHUL]DGRUEHPFRPRVmR
DSUHVHQWDGRVRVHUURVGDDSOLFDomRHPIXQomRGRkQJXORGHHVWHUoDPHQWR1D)LJXUDDSRGHVHUREVHUYDGRRHUUR
GHDSOLFDomRHPIXQomRGRUDLR1D)LJXUDEpSRVVtYHOYHUL¿FDURYDORUGRUDLRGHFXUYDaPSDUDRTXDOR
HUURGHDSOLFDomRpLQIHULRUDQRSLRUFDVRSRVLomRP
1D)LJXUDFpDSUHVHQWDGRRJUi¿FRGRkQJXORGHHVWHUoDPHQWRYHUVXVRUDLRGHFXUYD$VVLPFRPR
HVSHUDGRpSRVVtYHOYHUL¿FDUDGLPLQXLomRGRkQJXORGHHVWHUoDPHQWRTXDQGRRUDLRGHFXUYDWXUDDXPHQWDHVH
DSUR[LPDGHXPDUHWD1D)LJXUDGpDSUHVHQWDGRRJUi¿FRGRHUURGHDSOLFDomRHPIXQomRGRkQJXORGHHVWHUoD-
PHQWRSDUDSRQWDVQDVSRVLo}HVPHPEHPFRPRRYDORUGHUHIHUrQFLD
1HVWHVUHVXOWDGRVSRGHVHUREVHUYDGDXPDUHODomRGLUHWDHPYDORUHVDEVROXWRVHQWUHRDXPHQWRGRHUUR
GHDSOLFDomRHRDXPHQWRGRkQJXORGHHVWHUoDPHQWR
4. Conclusões
1HVWH WUDEDOKR IRL DSUHVHQWDGRXPPRGHOR FLQHPiWLFR GR FRQMXQWR WUDWRUSXOYHUL]DGRU SDUD DYDOLDomR
GRHUURGHDSOLFDomRGHDJURWy[LFRVDJUtFRODV(VWHPRGHORIRUQHFHXVXEVtGLRVSDUDRHVWXGRGRHUURGHDSOLFDomR
HPIXQomRGRUDLRGHFXUYDWXUDHGRkQJXORGHHVWHUoDPHQWRGDVURGDVGRWUDWRU)RLHQFRQWUDGRRYDORUGH_=_ 
SDUDXPDYHORFLGDGHGHPVRTXHLQGLFDFRHUrQFLDFRPDGLPHQVmRHVWDEHOHFLGDHQWUHDWRPDGDGH
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IRUoDGRWUDWRUHDEDUUDGHSXOYHUL]DomRL$VPDQREUDVGXUDQWHDSXOYHUL]DomRGHDJURWy[LFRVSRGHPDFDUUHWDU
GHVSHUGtFLRGHLQVXPRHHUURGHDSOLFDomR(VWHHUURGHDSOLFDomRSUHFLVDVHUTXDQWL¿FDGRHPRSHUDo}HVGHFDPSR
SDUDDYDOLDomRGRLPSDFWRHFRQ{PLFRHGDTXDOLGDGHGDDSOLFDomR$DQiOLVHFRQMXQWDGRVUHVXOWDGRVDSUHVHQWDGRV
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